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M&ods. Durhtg an g. 7. year period ending September 1993.67 neonates, infants and children underwent balloon angioplasty for native sortie maretation. A mtruspective review of this experkoee with emphasis on long-term follow-ttp forms the basis of this sbrdy.
&sn&s. Balhnm angioplasty pmdueed a reduction in the peak-to-peak coamtation gradient from 46 * 17 (mean f SD) to 11 f 9 mm Hg (p < 0.001). No patient required immedtate smgical intervention. At intermediite-term follow-up (14 r It months), catheterization (58 patieats) and blood pressure (2 patients) data revealed a residual gradient of 16 + 15 mm Dg (p > 0.1). When indiiual results were scmtinixed, 15 (25%) of 60 had nxoarctation, defmed as peak gradient >20 mm Dg. Recoanztatioa was higher (p < 0.01) in neonates (5 [83%,] of 6) and infants (7 [39%3 of 18) than in ebildren (3 [g%] of36), respectively. Two iufimts in our early experience had surgical reseetion with excellent results. Three patients bad 110 discrete narrowing but bad Since the initial description of transluminal balloon angioplasty of native aortic coarctation in the early 1980s. several groups of workers have used this technique in the treatment of aortic coarctation. However, there is a considerable ontroversy among cardiologists and surgeons with regard to whether the native aortic coarctations should be balloon dilated or surgically treated. Some workers (l-8) advocate balloon angioplasty, but others (9-11) recommend against it. The recom-normal arm blood pressure and had no intervention. The remaining 10 patients had repeat balloon angioprasty with reduction in peak gradient fmm 52 f 13 to 9 + 8 mm Hg (p C 0.001). Reexamiuatioo 31 f 18 months after repeat angiopLsty revealed a residual gradient of 3 to 19 mm Hg (mean 11 I 6) . Three (5%) of 58 patients who underwent follow-up angiography developed an aneurysm. Detailed evaluation of the femoral artery petformed in 51 (8%) of 5ft patients at follow-up catbeterixation revealed patency of the femoral artery in 44 (86%) of 51 patients. Femoral artery occlusion, complete in three (6%) and partial in four @%), was observed, but all bad excellent collateral Row. Rlood pressuse, echocardiography-Doppler ultrasound and repeat angiogmpbie or magnetic resonance imaging data 5 to 9 years after angioplasty revealed no new aneurysms and minimal (2%) late recoarctation.
Coneiudonr. On the basis of these data, it is concluded that balloon angioplasty is safe aud effective in the treatment of native aortic coarctation; sigHtcant incidence ofrecoarctatton is seeu in neonates and infants; regeat balloon angtopfasty for recoaMation is feasible and effective; and the time has come to consider balloon angioplasty as a tberapeuttc procedure of choice for the treatment of native aortic coaretation.
(/ Am Cdl GmiiolI996;27:462-70) mendations in favor of using balloon angioplasty have been further clouded by reports of development of aneurysms at the site of coarctation dilation ;12,!3). The majority of the published reports are based on immediate and short-term results. Absence of long-term (greater than 5 years) follow-up, inadequate evaluation of femoral arterial patency at follow-up and lack of actuarial analysis of the data have plagued many of the published reports. The purpose of this study is to report on a large series of patients undergoing balloon coarctation angioplasty with emphasis on examination of issues just mentioned in an attempt to evaluate objectively the usefulness of balloon angioplasty in the treatment OS native aortic coarctations.
Subjects and Methods
Study subjects. During an 8.7-year period ending September 1993, 67 infants and children underwent balloon angioplasty; 30 of these procedures were performed at King Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia between February 1985 and December 1987, and 37 had balloon dilation at the University of Wisconsin Children' s Hospital, Madison, Wisconsin, between September lY87 and September I YY3. Ten additional @ems with aortic coarctation seen during this period did not undergo balloon angioplasty because they required ductal ligation and banding of the pulmonary artery along with relict of aortic obstruction (five infants), the coarcted aortic segment was atretic (three infants) or long (one infant), or femoral arterial artery access was not accomplished (one infant). Immediate and short-term results of 52 of the 67 patients have been included in our previous publications (l-4). Informed consent was obtained from the parents of each child. The indications for balloon angioplasty were congestive heart failure or hypertension or both, not controlled by conventional medical management.
Ralknut angioplasty technique. The technique of balloon angioplasty of aortic coarctation and data acquisition before and following angioplasty have been described in detail in our previous publications (l-3,14,15) and are not described here except to point out some important technical aspects of the procedure. 1) A dose of 100 U/kg body weight of heparin (maximum 2,500 U) was administered before introduction of the balloon angioplaaty catheter; the heparin was neither continued nor its effect reversed after balloon angioplasty. 2) The size of the talloon chosen for angioplasty was two or more times the size of the coarcted aortic segment but no larger than the descending aorta at the level of diaphragm. We selected a balloon size that is midway between the size of the aortic isthmus (or transverse aortic arch) and the size of the desccnding aorta at the level of diaphragm. If there was not adequate relief of obstruction (pressure gradient reduction to ~20 mm Hg and at&graphic improvement), a balloon as large as the diameter of the descending aorta at the level of diaphragm was chosen for additional dilation. 3) Pressure of balloon inflation was monitored, and attempt was made not to exceed that stated by the manufacturer. 4) At no time were the tips of a catheter or guide wire manipulated over the area of freshly dilated coarctation of the aorta.
The balloon angioplasty procedure was performed percutaneously through the right or left femoral artery in all but two neonates; the latter two undetwent the procedure through their umbilical arteries (16).
Follow-up. Follow-up included clinical evaluation (including arm and leg cuff pressures) and echocardiographic-Doppler ultrasound studies at 1 day and 3, 6 and I2 months after balloon angioplasty and yearly thereafter. Cardiac catheterization and aortography were performed 4 to 12 months after angioplasty; in some cases it was performed at a longer interval if it had not been performed by 12 months after angioplasty. During cardiac catheterization, assessment of the status of the femoral artery on the side of balloon angioplajty was attempted in addition to evaluation for residual or recurrent coarctation and aneurysms at the site of balloon angioplasty. Magnetic resouance imaging or repeat aortographic studies were also performed 24 to 90 months after an-. !StatIstieaI metbsds. Results are expressed as mean value 2 SD for continuous, normally distributed variables. Median values and ranges are given for data with skewerl Distribution. Comparison between values before and after balloon an& plasty was made by two-tailed t tests, and comparison between groups was performed by analysis of variance. Categoric variables were compared using rhi-square or Fisher erect tests. Analysis of event-free survival rates was carried out by the Kaplan-Meier method. The level of statistical significance was set at p < 0.05. When multiple comparisons were made, the Ronferroni correction was applied.
ReSUltS
Study subjects. Sixty-seven children (47 boys, 20 girls; mean [zSD]weight 15.7 2 14.1 &median ll.range2.1 to60) underwent cardiac catheterization and balloon angiopfasty for aortic coarctation during an 8.7-year period preceding September 1993. They ranged in age from 2 da>3 to 15 years (mean age 3.9 z 4.3). Ten were neonates (130 days old). 20 were infants between 1 and I2 months old and the remaining 37 were children between 1 and I.5 years old. Other cardiac defects were present in 50 (7%) of 67 patients (Table I) . No infant had undergone a previous operation for aortic coarctation or previous balloon angioplasty. Twenty-one of the 30 infants <I year old had moderate to severe heart failure, and all but 9 were hypertensive, defined as arm blcrod pressure prcater than 95th percentile for the age.
Immediate results. The peak-topeak systolic pressure gradient decreased (p < OfJo!) from 46 2 17 (mean 2 SD) to 11 -C 9 mm Hg after angioplasty for the entire group (Fig 1) . Significant (p < 0.001) pressure gradient reduction was observed in each group (neonata!: 34 t 11 vs. 4 + 5 mm Hg; infants: 47 t 15 vs. 14 At late follow-up (LTFU). 6 months to 9 years (median 5 years) after balloon angiopl&& blood pressure-measured &n-leg peak pressure difference i: lower than catheterization-measured peak gradients before (p < 0.001) balloon angioplasty and those obtained at intermediate-term follow-up (ITFU) (p < 0.01).
entire group. Significant improvement (p < 0.001) was seen in each age subgroup. No patient required immediate surgical intervention. Further details on immediate results can be found in our previous reports (l-4,14). Initial morMii. There was no initial mortality, defined as death within 30 days of the procedure in the infant and children groups. One neonate with double-inlet left ventricle, L-transposition of the great arteries, no pulmonary stenosis and severe ot$uction at the bulboventricular foramen (this was not recognized at the time of catheterization and balloon angiopiasty) died 2 days after balloon angioplasty while awaiting surgical palliation. No autopsy was available, but it was thought that the cause of death was most likely related to a rapid fall in pulmonary vascular resistance in the setting of bulboventricular foramen obstruction, causing low systemic output. Thus, the initial rr.ortality rate was 1.5% (1 of 67) for the entire group and 10% (1 of 10) for the neonatal group.
Cm~~plications. Significant blood loss occurred in 13 chiidren (during catheterlguidd wire exchanges), requiring blood transfusion. Four of these children had low hemoglobin (9.6 to 10.2 g%) before the procedure, which was partly rejponsible for the need for transfusion. The children requiring transfusion were 2.1 C 4.1 years old, and those who did not need transfusiin were 3.9 2 4.3 years iid (p > C.1). T' .;L .A& foi transfusion has decreased in more recent cases, related to better designed catheter/guide wire exchange systems. Decreased femoral pulses with a cool extremity on the side used for angioplasty occurred in 13 patients. The age of the children with a diminished pulse was 34 2 48 months, not significantly diierent (p > 0.1) from that (53 + 54 months) of the children with a normal pulse after balloon angiopiasty. Warming of the contralateral extremity alone (in six children) and additional administration of low-molecular weight dextran or heparin (in six children) were undertaken with improvement in circulation wtthin several hours of the procedure. The remaining 8-year old child, because of persistence of decreased perfusion, underwent thrombectomy, followed by improvement. Four children complained of tightness in the chest during balloon inflation. There was no recurrence of this complaint. Elevated blood pressure, formr: fruste postcoarctectomy syndrome, requiring no more than a single dose of antihypertensive medication occurred in three children.
Late mortality. There were three late deaths >30 da)-s after balloon angioplasty. The first neonate with d large ventricular septai defect died at home 2 months after angiopiasty, hefore the scheduled appointment for surgical correction. Sepsis was thought to be the cause of death by the local physician. The other two neonates died after surgical palliation of forme frus!e hypopiastic left heart syndrome. 5 and 6 weeks after balloon angioplasty. respectively. There were no late deaths in the infant and children groups. Thus. the late mortality rate was 4.5% (3 of 66) for the entire group and 33% (3 of 9) for the neonatal group.
Intermediate-term follaw-up results. Follow-up catheterization and angiography were performed in 58 patients 4 to 56 months (mean 14 2 11 months) after balloon aogiopiasty. There were four deaths (see initial and late mortality sections), three patients were lost to follow-up, and it was too soon after angiopiasty to warrant catheterization in the remaining two patients. Residual gradients across the previously dilated aortic coarctation was calculated by combining the catheterizationderived peak-to-peak systolic pressure gradients in 53 children with arm and leg cuff peak systolic pressure difference in the remaining 2 children who did not unlergo recatheterization (total n = 60). The residual gradients were 16 2 15 mm Hg; these continue to be lower (p < 0.001) than those before balloon angiopiasty and slightly higher (p < 0.05; not significant when Eionferroni correction was applied) than the gradients immechateiy following angioplasty ( Fig. 1 ). Angiographitally measured coarcted segments in 58 children (mean 8.1 2 3.8 mm) remained improved (p < 0.001) compared to preangioplasty measurements but unchanged (p = 0.44) compared to immediate postangioplasty diameters.
Recoar&tion. Residual and recurrent obstructions cannot be easily distinguished from each other, and the term "recoarctation" is used to describe both of these entities and is defined as a peak-to-peak systolic pressure gradient in excess of 20 mm Hg wjth or without angiogmphically demonstrated narrowing (17). Although there is only a modest increase (112 9 vs. 16 + 15 mm Hg; p < 0.05) in peak gradients and no change in balloon-dilated coarcted aortic segments (7.6 C-3.2 vs. 8.1 t 3.8 mm, p, = 0.07) when follow-up values are compared with &mediate postangioplasty data as a group, scrutiny of individual values revealed a significant incidence of recoarctation in 15 (25%) of the 60 patients (Fig. 2) . The incidence of recoarctation is higher in the neonates (3 [83%] of Cuuses of recoarcrufion. On the basis of individual results at recatheterization, 5g +ients were divided into two groups: group I. with good results, defined as peak-to-peek wtntir pressure gradient GO mm Hg and no angiographicahy demonstrated narrowing; and group II, with poor results seoxxlary to recoarctation defined in the section on "recoarctation" (17). Thirty variables (listed in our previous report on this subject [17]) were examined by multivariate logistic regression analysis to identify factors responsible for recoarctation in a manner similar to that described elsewhere (17): The identified risk factors (Table 2 ) are essentially similar to those observed in our initial study (17). The younger the age and smaller the diameter of the aortic isthmus, the preangioplasty coarctation 565 segment and the postangioplasty coarctation segment, the greater is the chance for recoarctation.
Munugemcnr o~~rt~coorcl~tiort. Early in our experience, two patients underwent surgical resection with good result. Three children did not have discrete narrowing (had isthmus narrowing). and no systemic hypertension was present. No treatment was recommended They are followed by periodic clinical evaluation (see late follow-up). The remaining 10 patients underwent repeat balloon angioplast) (Fig. 2 ). In these 10 :h;tdrrn. the initial peak-to-peak gradients were 52 z 13 mm Hg (range 32 to /a) atui wcr; reduced (p < O.Ool) to 9 z 8 mm Hg by initial balloon angioplasty. rit fo!low-up catheteriation performed 9.5 z 6.2 months (range 4 to 26) later, the gradients increased significantly (p -: 0.001) to 39 I I 1 mm Hg (range 24 to 57). Repeat balloon i ngioplaq (3 to 26 months after mittai AI&~ -!xty) rrduced (p ( 0.001) the gradients to IO z 6 mm Hg (range 0 to 18). Pea' . yadients 31 + 18 months (range I(1 to 64) after rexat angioplasty remained low (11 t 6 mm Hg. p = 0.5).
At~eneysms. Th~f%w-up angiogramswe-e scrutinized for aneurysm formatton at the site of balloon angioplasty in a manner described by Bromberg et ai. ( 18) and Pinzon et al. (19) . A total of 3 aneurysms were observed. giving an im%ence of 5% (3 of 58;.
In two child;-cxt the aneurysms were small. and during a land 4-yezr F&nv-up. respectively, no further incteax in the size of the aneutysm was noted. The third child had a moderate-sized aneurysm ( Fig. 3 ) and undenvent successful surgita! reseciion.
Femoral ar+rq enmpBcatlons. The data at hllow-up catheterization were scrutinized for femoral artery complications. ;RlICI.li...m rutrrmr;,ir . . n ---!-7ft heart catheterizatton was undertaken in 20 patients via the same femoral artery through which the initial balloon angioplasty had been performed. This ipsilateral femoral artery cathet,riration at follow-up was considered evidence for patent?; of the femoral artery. Contralateral femoral artery was used at the time of follow-up study in 36 patients. In 29 of these patients, descending aottography with angiographic visualization of the femoral artery initially used for balloon angiophsty (Fig. LA) was performed. In two patients in whom umbilical arter) was initzally used for balloon angioplastv, right femoral artery was served in 8% (4 of 51), and complete blockage ( Fig. 4B ) in 6% (3 of 51) of pa:icnts. Good collateral circulauon was visualized (Fig. 4b) , and the children did not complain of claudication. Data on limb growth abnormalities are not available at this time.
The femoral artery complications appear to occur more frequently in the neonatal and infant group (4 [21%] of 19) than in the children (3 [9%] of 32), but this was not statistically dilferent (p = 0.24). The femoral artery occlusions seen at follow-up do not seem to have consistent relation with decreased perfusion seen immediately after balloon angioplasty; four femoral artery occlusions occurred in patients in whom there was no evidence for decrease in perfusion immediately after angioplasty, and in the remaining three patients the leg perfusion abnormalities were seen immediately after angioplasty. In seven patients in whom there was perfusion deficiency immediately after angioPlasty, the femoral arteries were patent at follow-up.
Me fulluw-up. Lufe inrervenkms. Three children with evidence for recoarctation at the time of intermediate-term follow-up in whom no intervention was recommended developed hypertension, and their coarctation gradients increased further. Two of these children underwent surgical repair 60 and 87 months following initial, balloon angioplasty, respectively. The third child undetwent repeat balloon angioplasty 72 months after balloon angioplasty. One additional child who did not bave evidence for recoarctation at the intermediate-term follow-up developed recoarctation (pedk-to-peak gradient 34 mm Hg) 60 months after angioplasty. This child underwent repeat balloon angioplasty successfully. Thus, an additional 2% (1 of 60) developed late recoarctation. Another patient had patent ductus arteriosus with left to right shunt. This ductus was present before and immediately after balloon angioplasty and was occluded with a Rashkind occluder (U!Xi) 7 years after balloon angioplasty. &od pressures and gmdients. Data on measured blood pressure gradient at the last follow-up clinical examination (6 months to 9 years, median 5 years) were available in 60 patients, and the residtlal gradient was 9 2 Y mm Hg (Fig. 1) . Right arm systolic blood pressure measured at last follow-up clinical examination was plotted on age-and gender-specific percentile graphs developed by the Second Task Force on Blood Pressure Control in Children (20) . Fourteen (23%) of 60 children plotted above 95th percenti!:, and 58 (87%) of 67 were hypertensive before balloon angioplasty (p < 0.001). The age at initial balloon angioplasty (6.2 lr 4.7 years) for these 14 hypertensive children was slightly greater than the age of the remaining patients (3.9 + 4.2 years), but this did not attain statistical significance (p = 0.086).
Doppkrsfudies. Doppler peak How velocity in the descerlding aorta at follow-up (6 laonths to Y years) was 2.5 2 0.7 m/s, which does not represent a signific& (p = 0.361) change from the immediate postangioplasry value (2.6 t 0.5 m/s) but remains improved (p < 0.001) compared with the preangioplasty value of 3.6 + 0.7 m/s. Similarly, Doppler calculated instantaneous peak gradients across the coarctation site were 21 t 13 mm Hg, not significantly different (p = 0.164) from those seen immediately after balloon angioplasty (24 t I1 mm Hg) but lower (p < 0.001) than preangioplasty gradients (SO + 19 mm Hg).
Aortogmms and magnefic resonance imaging. Magnetic resonance imaging of the arch of the aorta or aortography, or b&h (52 years after balloon angioplasty) was performed in 34 patients at a mean of 4 years (range 24 to YO months) after the initial balloon angioplasty. Two or more such studies in the same patients were available for review in 28 patients at a mean interval between studies of 41 months. No additional patients developed aneurysms at the site of previous balloon angioplasty.
Event-free survival rates. Interventions related to treatment of recoarctation, aneurysm formation or patent ductus arteriosus are treated as events, and event-free survival curves are calculated for each of the neonatal, infant and children subgroups and are depicted in Figure 5 . As can be seen, the event-free survival rates are better (p < 6.001) for the children than for infants and certainly for neonates.
Discussion
Sos et al. (21) demonstrated that the coarcted aortic segments could be balloon-dilated in a neonate postmortem. Lock et al. (22, 23) extended these observations and showed that surgically excised coarcted aortic segments and experi-me&ally created coarctations in lambs could be opened up by balloon angioplasty. Clinical application in human subjects f+lowed On the basis of initial poor results (24) and development of aneurysms after bai!oon angioplasty (12, 13) , some workers (9-11)' questioned the utility of this procedure in native aortic coarctation, Despite an initial report of poor results (24). subsequent experience with balloon angioplasty of native toarctations (l-8,1O*Xj appears encouraging. i3ccause of these dithering experiences and recornmendatiorq we felt that a review of our, reasonably large-sized experience with emphasii on late follow-up results and complications is in order in an attempt to .ietermine the role of halloon an& plasty in the treatment of native coarctations. immediate resnlts. Reduction of pressure gradient across the aortic coarctation and Improvement in symptomatology in this group of patients are similar to rhat obsened by other workers (S-Cc l&l 1.X28). Particularly noted beneficial effects in neonates and infants were rapid control of congestive heart failure and ol!r ability to wean the infants from ventilatory support.
Initial aed Me ma&G@ Both the initial and late mortality seen in this group of patients appear to be secondary to associated cardiac defects and are unlike@ to be related to the balloon angioplasty (29) .
Intermediate-ternt f&w-up results. Gmdienr reduction. Peak vtolic pressure gradients roll at short-rtrrn follow-up for the group as a whole, and reduction in gradient is similar to that reported by others (5-W-28).
Recoarciatbn. When individual results are scrutinized recoarctation, defined as peak-to-peak gradiints z2U mm Hg. occurred in 25% of patients. The recoarctation raie was higher in neonates and infants than in children.
Repeet balloon angioplasty for recoarctation was successful in 10 children in whom we opted for repeat procedure. This response IS similar t; that observed in eight children bv Lababidi (28) . Further follow-up at a mean of 31 months revealed continued relief of obsttuetion.
The causes of recoarctation were investigated in a manner similar to that performed in our previous investigation (17) utilizing a subset of these study subjects. Four risk factors were identified and include 1) age. 2) sii of aortic isthmus, 3) size HA0 ET AL. ANGlOPlASTT FOR AORTIC CO.ARCI-ATlO of coarcted aortic segment before dilation, and 4) size of coarcted aortic segment after angioplasty. The younger the child and smaller the size of the aortic isthmus and coarctrd segment (both before and after angiopiasty), the greater is the chance for recoan tatinn. Aneuq~ms. Thk Incidence of aneurysms at the +-of angioplasty is 5% in our study sJhjects and is similar TV that observed by some workers (6) (7) (8) (25) (26) (27) (28) 30) but is lower thar, that seen by other investigators (12.13) . The reasocs for these differences in incidence are not clear. We may postulate that development of aneurysms may reflect the use of large balloon, inadvertent manipulations of catheters or guide wires in the region of freshly dilated aortic coarctation, and misinrerprctation or overinterpretation as possible causes. The observation of Isner et al. (31) of severe depletion and disarray of elastic tissue (cystic medial necrosis) in two-thirds of resected aortic coarctation segtnents may give a pathologic basis for development of aneurysms. However, such findings may be seen in the normal aorta (32) . In addition. these findings have not been supported as a cause of aneurysmal formation by the studies of other workers (33).
Should aneurysms develop, they may potentially increase the risk of aortic dissection in women during pregnancy.
Although development of aneurysms after balloon dngioplasty is of concern, they are also known to occur after coarctation surgery of all types. Development of late aneurysms is best documented after repair with synthetic onlg patch grafts (l&34-38); the prevalence seems to vary between 11% and 24%. Occurrence of aneurysms following resection and end-to-end anastomosis and subclavian flap angioplasty is also documented (19, 39) . In an excellent study, Pinzon et al.
(19) reviewed 215 aortograms performed 4.2 + 4.1 years after surgical repair of coarctation of the aorta and found a 30% (64 of 215) incidence of aneurysms delined as the ratio >I .5 of the repair site to the descending aorta at the level of diaphragm. TEe aneurysms consisted of diffuse enlargement in 20 patients, focal anterior bulges in 24 patients and focal posterior bulges in 20. The incidence of aneurysms was similar in all three types of commonly used repair methods: 27% (26 of 97) with resection and end-to-end anastomosis, 32% (29 of 92) with subclavian flap repair and 35% (9 of 21) with synthetic onlay patch repair. These data clearly show that aneurysms do occur after all types of coarctation repair and that their prevalence is significant. However, the exact incident is not known because only 27% of the patients underg Jing coarctation repair during tite study period were studied by aortography (19).
Based on these data, it can be stated that aneurysms after therapy for aortic coarctation are not unique for the balloon procedure but can and do occur after operation. Causes and natural history of these aneurysms should be scrutinized in future studies, but formation of aneurysm should not be a deterrent for use of balloon angioplasty in the treatment of native aortic coarctations.
Femoml ar?@v occlusion. In the present study we evaluated the femoral artery status Iat follow-up catheterization and found blockage in 14% (complete in 8% and partial in 6%) of the femoral arteries used for balloon angioplasty. However, there was good co!lateral flow. Use of smaller sized and low-profile balloon catheters ma. reduce the femoral artery complication rate. When feasible. use of the umbilical artery approach (16) should be considered in the neonate, and this will certainly spare the femoral arteries. Longer term follow-up than is currently available along with measurements (length and circumference relative to the contralateral cwtremh) of IoTver extremity used for angioplasty may be necessary to further evaluate long-term adverse effects of balloon angioplasty.
Comparison with operation. There are scanty data comparing balloon angioplasty procedure with surgical intervention. The available data are reviewed. In an attempt to compare safety and &icacy of balloon angioplasty with surgical correction of aortic coarctation, we scrutinized 49 studies (published during lo80 to 1991) reporting on results of operation in infants ~1 year old and 9 studies reporting on the results of balloon angioplasty and compared ti\em (4.14). Shaddy et al. (JO) prospectively randomized 36 patients 3 to 10 ye-,rs old to either balloon angioplasty (20 patients) or operation (16 patients) to compare their relative efficacies. We (29) compared efficacy and safety of balloon angioplasty with surgical correction in infants 13 months old.
On the basis of these reviews (4, 14, 29, 40 )Z it appears that effectiveness of balloon angioplasty is comparable to that of operation; mortality rates are similar (and are probably related to the associated cardiac defects and not to the type of intervention performed), and morbidity and complication rates are lower with balloon than with surgical therapy. Thus, it may be suggested that balloon angioplasty is an effective alternative to operation for relief of aortic coarctation.
Some of the complications, namely, recoarctation, aneurysm formation and femoral artery compromise, were discussed earlier. Other complications such as paraplegia (41, 42) and paradoxic hypertension (41.43-45) are seen with significant frequency after surgical repair, but such complications are either rare or, if present, very mild and inconsequential after balloon angioplasty.
Late follow-up. Despite the problems of recoarciation and aneurysms, some requiriag repeat intervention at intermediate-term follow-up, the late follow-up results (.5 to 3 years) appear encouraging in that there was minimal (2%) incidence of late recoarctation and no late aneurysm formation. In the majority of children, the arm blood pressure remained normal. Although these are encouraging results, longer term, IS-to 20-year follow-up is necessary to reaffirm the usefulness of balloon angioplasty in the treatment of aortic coarctation.
Commeots and conclusions. The data from the present study and those reviewed in published reports show that balloon angioplasty is an effective proceduie in relieving htruction caused by native aortic coarctdtion and the attendant symptoms. The mortality and complication rates after balloon angioplasty are not high, and therefore, the procedure may be cunsidercd safe. There is a significant incidence of recoarctation in the neonate and young infant, but the impor-tant feature of balloon angioplasty in the neonate and young infant is that it produces abatement of symp:oms of heart failure and hypertension and helps to avoid immediate operation. Should recurrences occur, it can be treated by repeat balloon angioplasty or even surgery, if one prefers, when the infant is stable and less acutely ill. Development of aneurysms at the site of balloon angioplasty is of concern, and a patient who develops an aneurysm should be followed up with periodic evaluation of its size, ?r surgical resection should be performed. Aneurysms, thoueh of concern, have also been seen after all varieties of surgical correction. Comparison with operation, though limite?. i-as suggested similar mortality and recurrence rates but vi!11 !ess morbidity in the balloon group than in the surgical group. With fewer days in.hospital, the cost of mauagement with balloon angioplacty is likely to be lower.
In conclusion, the data presented and those reviewed from the published reports show that balloon angioplasty is effective in relieving aortic obstruc:ion with an acceptable complication rate and in many respects compares favorably with surgical repair. On the basis of these data, we conclude that balloon angioplasty is an effective and safe alternative to surgical therapy of native aortic coarctation.
